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ABSTRACT . 

• _ Magjietic Information Technology (MINT) , which 

involves use of magrietic techniques and materials to store 
inf ornjat ion^ is a cr^t ica^ growth industry in the United States . 
However, experts from/both industry and academe forecast t 
inability of the Uni^d States to meet demand in this area. Accoi;^ing 
to these experts, growth of magnetic infosrmation capacity will, 
the near term, be limitedf hot^ by tlie industrial capacity to 
manufacture equipment but by the availability of hew' basic and 
applied research data in all areas of MINT. Furthermore, growth m 
MINT will* be limited by the a^^bsence of traiii^^d .engineers , scientists, 
and faculty. Th^se and pther conclusions emerged from a MINT wbrkshbi 
which focused dh what_uh i vers it ies itiust do to add^ress the various ^ 
research heeds in MINT* arid dri hdw more students can be encouraged to 
pursue, graduate study iri areaf applicable to mirit. Recdmineridat i oris 
ttiade to the Nat idrial Science Fduridatidri include requests that the 
agency supplement ^nd encourage industrial suppdrt of two tpfdur 
centers of excellence in MINT at Universities, establish a MINT 
research program for single investigators, i^ieritify MINT as a 
national pr i o^i ty , >''en courage industrial labdratdi'igs to become more 
orting MINT research at un i vers i t ies , arid ericburage 
us-trial ifiterchanges . (JN) f - 
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for the United 



i. EXECUTIVE SjJMMARY 

» l^agnetic Information Techhblogy (MINT) is j criticat irbwth iridui 
States. Alf^ sectors of the economy, both pjublic arid private, heed to store 'arid' 
retrievQ rapidly 'increasing vsploBpes of inf ormation yat rapidly increasirig r-ates. i~i\ririuai 

.^^1^ . . ^ " . ... _ . __ — 'l? — _ _ — ^ ^1 

sal^s bf.magh^tjc devices to meet these needs, have reached $15 billion |nd are 
gr6\A;ing. ^t ^abblSt' 35% ber year. This growth in derriahd is projected to contrnae for 
.several years. Yet experts from b^.th Industry arid acideme fprecast the inability of 
the United ^ates to rneet this ^d^mand. "According to these experts, growth of rha^neiic 
iniormaxToh capacity wi'ii,1n the near term Be f/miteaf not by the^ industrial capacity to 
niahufacturf equipment put by the availability of new basic and applied' research data in 
all areas of magnetic ihfdrmatibn technology. Furthernnore, growth in magnetic 
informstiorT^^chnorogy will be liml^ed\dy the Absence of trained engineers,' scientists. 



anrf iicalty. * 



Currently, universities are producing approximately 10 Ph.D.s per year with training 
in MlNT/bgt estimates frbrnf industry ^experts are that 125 Ph:Os per year are needed 
in this area. The cost of ^tablishing arid rriairitaining university research programs 
to , meet this" need l^^cstirnated^ to be S2D millibn' fn capital equijjment and $25 



million, per year in operatifig exper^^es. 



1983 



m 



' Those conclusions emerged ^rdct^ a MI^T ^orkshop. June 22-24. 
Washington, D.C., sponsored fcy ther Bf^fice of Iritertiisciplinary Research. Directorate 
foV ) Engineering. National Science Foundation 'i^SF). *where Mhvr^ed^ participants frorn 
academic, government, ap/d industrial institutions met t6 define- the research, rieeds in 

_ t_ _ y ^--t- - e 

MINT and to., formulate speciffc program and funding recommendations for the NSF. 

The w/brfeshb^hgstedpb^V Carnegie-Mellon "University and the University of- ifalifornia. 
^ San Diego, fbcused on what Urilversities Jnost do to address the various research 
_oeeds In MINT ^and bri how mbre stu'derits' can— fcMr^^^M^ to ^rg^ig^g raduate 



study in ^areas applicable to MINT . The/^oriserisUs bf the participants was that^as a 
nation, we must meet the unfulfilled needs of MINT arid that ^ we must 
develop" strong academic research programs in MINT, both iri tradit[bria_l. Jriiversity 
s^ttirigs and iri University Centers of Excellence or Research Institutes. __ 

y 

A sbmmary of the specific recommeridatibns made to the NSF by the workshop 

^participants fbllows: : _ > 

• 4he NLSF shbUld sUpplemerit and encourage industrial support of t\A/o to 
' four Ceriters bf Excellence In MINT at universities. This support should 

iriGlude fUrids for eqiiipmeni. support for faculty and graduate students. 



V 



^ 



ERIC 



. . .■_ .... . _ . • ^ ^ 

and support fbc visiting ^fJlcuity. Sponsors 'shoold^ encoarage the centers y 
to have cbrriplemehtafy activities rather than to compete-* ^ 

% • The ^ NSF should estadlisn a MIWT research pr^jgram for , singje 
investigators. To do tflis, ihey shoold stress the^ maltjdisciplinary .^nature 
of iMINT research, encourage new entrants into the fieldi and direc* funds 
'Specifically to MII^T. - • 

_ ^ ______ _. 

• The NSF sHdUid identify MINT as- a national priority, and encourage^ 
industrial labdratdties to become more active in suppbrt^mg- IVVINT research ^ 

at universities. , ■ 

/ : _ ^ 

^* The NSF should encourage: oni versity/indas.triai interchanges. Tb' db this, 

they should continue' and expand existing methods- of encburagmg 

interchanges and Jniiiatd** mdustry/un^iversity Tejlbwships^ for exchange of 
^. technical staff, especially for small R&D- oriented firms. ^ 

• The NSF should expand the pool of referees for;^lNT proposals. 

V. 1__'^_ _ ' _ _ 

• The NSF should hold a fbllow-up meeting ir^ two, years to evaluate the 
progress of MINT research. » - " 



The rabies at the end of this report provide^ a more detailed overview of the 
national needs and opportunities in Magnetic Information Technology. ' 



2. INTRODUCTION: WHY A MINT WORKSHOP?^ ' . ^_ 

Magnetic Information Technology (MINT), i.e^. the .use of magnetic ^echniputfS and 
materials to store information, is a critical growth industry for th^ United , Slates. It 
is critical because of the need to st^ore and retrieve increasingly large amounts of 
ihforrnatibn 4 increasingly rapid rates in such key areas of the^cbhdmy as the 
financial, communications, research, and defense sectors. Its growth has been and 
will cbl^finue to Be spjctacular. Annuals sales of magnetic memory devices exceed 
the safes of semicon'doctor merriory devices a^d are growing at 35% per year. 

In today's data processing systems, (both 'Bemict)nd9ctor. and magnetic memories 

have important roles* Semiconductbr rrjerhbries are typically used for information that 

must be readily accessible.^ the ' so^ailed ^.andbrn /iccess memory (KaM). Other 

inforrriatibn. more voiijmintfus in nature. Is usually stored in mass storage, devicsjs. 

. n ^ *_ 

such as magnetJc disks, which are much less expensive per unit of information ^tbretj 

than RAM. A typical' large computer system has BAM sufficient fo store ' at least 
one to two .million characters of ;irif ormatron. Its mass ^torage cajsacity/is asually 
thousands of times greater. 



■ ' ^ . i ^ 

^Serriicoriductbr RAM is VvOlatile. i.e- th&^ Information storeO there disappe^s when^ . 
*the pbWer is tUrried off. Magnetic^ memdries, however. 3*-^! hon-volafiie and are thus 
□sefai for jong-term storage of /fHf brrnaliori. One fbrrn of rriaghetic storage, bubble 
technology^V^as be-en a subject of considerable interest over the la^t several years, * 
The cost bfYhagnetic bubble memories is comparable to RA.M. but bubble memories ' . 

are slower." Magnetic bubble devices are presently ased in, special purpose 
/^""^ applications where nbn'vblatllity or durability are , important. If. as many Jeei, their 
^sts can be lowered relative to RAJW. they will also have a '^rtiarkfet in lower 
f>erformance applications. " J L * * 

■ . , ; . ' ■ - / K l^ ;■ 

Most bbs^vers of the 'computer field agree that both magnetic 'and semiconductor 
rnemo^ devices v^ill c6ritihu'e - to have large, rapidly e^pandln^ markets. Yet, 
progress in magnetic information technology* has been hampered by a lack of long- 
term basic studies of the recording process and recording /devices, ' Bbih industry, 
with; its short-term goals, and universities, with their failure"^ to tr^in Ph,p,'s iri 
^ - recording research, have contributed to this problem. This shuation is in marked ' 

contrast to semiconductor meffiory .technology. ' where a dozen aniver^^ty research 

■ - ^ ' \. -- - ' 

c^enters. supported by government agencies and industry at levels mywvmg numerous _ |^ 

^ ^ ^ - _ , - - ' 

faculty and tens of millions of dollars, exist or^are*ribw being built. . . 

Why has -research ih/MINT not te€pt up with the growth of the industry? There are 

: _ _ " * ^ 

two clos^eiy' related Jreasbfis: its low-technology image and 'the lack of awareness ^ \. 
arnbng the nation's research comm*Uriity of: its. imRortgnce and its research >^ . 



■4 



er|c 



opportunities. . ^ ^ 



Magrietics. technoldgic^lly speaking, is an old" field; therefore, many view it as 



a 



- _ ^ . _, 

"solved problem." That view is far fVom correct: There are importarit applicat:ons 

in robotics, communications.' and infdrmatibii processing which are awaiting the 

■ availability of device% capable of stqririg tens . of ' billions of charaiers of 

ihformat)bn in a few cubic feet of volume and of 'accessing bidcks of that 



information in milliseconds? then transferring it at the rate of ^ tens of Tnillidris df 
characters per secdrid. 

y ■- '• 

Such da^icps. based on rnagnetic information techniques, are realizable m tne near 
future. ;^utrboilding''"a?iar dom'rriir them na/III require the sbJutidn df important 

^researcR'^i'ssUes rahging from better fundarnental understanding of magnetic recording 
ti» ijjiprovemerit iA 'rha'terials and mechanical systems. : 





The5«\reiearch Issues represent bFJpdrturiities. riot bb5tac<€S. Magnetic inforitiatibii 
tfech^ ilogy is hardly a "solved ' pr6bi«fT>." But it has :..any avenues for F3rb§ress ( 
albftg which lie soluble problems. Unfortunately, knowledge of the iTfipbrt^ce of and 

bpporuiriities in MINT has reached only a Srtiall segment of the acad^rrjic research^* 

_» . " W' \_ 

community in the United States. _ ✓ ' ? - 

' - - ^ * 7. . ' - 

F^w chemistry, cherriical-^tfrigineering, mechajifeal engineering, and rrxatenals scjenc^.y 

professors ari aware of the cfiallenging research prbblems that MINT offers. Every 

electrical engineering and physics departnrfSnts. wiiere rnosi of the rhagnetics,^ research 

takes blace in bur universities, are not fully aware of the . industrial need for specific' 

- _ . . N --- - 

research in MINT. Until the irnpbrtance and challenges of MINT research can be^ 

effectively brought to the attention of the academic ccSmmunity. the gap between 

industrial need and supporting university rSse^rch will cbntinue to widen (TablauJ-). 




Recently, the esr^biishment of academic ' canters of excellence in magnetics 
technology or rrjagrretic recording at Carnegi|-M_eiron University (BjgJ^J^the •University 
of California, San Diego (UCSD). and the (University of Minhesbti has been a 
heartening development. But these centers are only their infancy and thev alone 
are inadequate to addrMS all the research issues in M 



Thus It IS essential t^iat 

^ _ _ _ * - 

industry and gbvernrrjent be encouraged tb subpbrt researchers |t these centers and 

at other universities where srrialler, but still significant. MINT programs are underway. 

Likewise, it, is essential to encourage other university researchers in many disc;Dlines' 

to-^ursue the interesting , arid outstaridirig problems related to MINT, ^j^:^ 

■ -. 

'Recognizing the- significan^ ' of thes^. issues, the Of^fice of frterdisciblinary 
Research. Directorate ' for -cngtneenng. the National Science Foundation \NSr} 
sponsored a r^NT workshop^ 'in Washington, D.C. on June 22-24. 1983. hosted by 
C4V1U and UGSD. - The jnvited' participants^ .included aQjdemic. industrial, and 
goviy-nrnent experts on MINT. Thesir ch-arter was ^b define the"^ research needs in 
MINT. tc5 exblbre what universities raight' do to Address those needs, arid tb discuss 



hbw that research might be brgariized and sponsored. 



^ ^S*« Xqwrrd. AttJCtwn«nt 1 

^S«i* Atitndais Ljsu StUchmint 2 
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2.1. WORKSHOP iSSUES 

The purpose of ipf workshop was to provide'' goidance to ihi NS^^ from ^ 
mullidiscipliriaf y aria yiull isect idhai group discussing the following questiors: 



1. What are H^JyflNT .research needs in su^h areas as eiectronjcs. rritenalSi 
Surface ifTienca. magnetic phenornoha and devices, aerodynamic aspects af 
magnetic sysjems,. signal processing,; and trjboldgy is it; bears <ffy 
magneKics? 

2. How shduid^MlNT research be addressed and cbhducied in the university 
env ir dhrhenr 

3. What are the vehjc?les in the university environment needed to facilitate 
addressmg MINT research issues? " ' 

4-_ Whi]h^xfTl\f rdisciphnary ^ettmgs (such as centers or ' institutes) would be 
appropriate? 



■5- What are the instrdrrv^ntat lon r^uirements? J 

6. What are the current capabilities in the university research comrhunity^ 



3: MINT RESEARCH: / WHAT WE HAVi; WHAT WE NEED 

. __ _______ . 

To provide guidance to the NSF regardif^g MINT research, the participants in the 

wdrksfibp asses^d the current state of the field — its research topics, persdrtnel, 

and equipment. Their general cohclusioh was that current MINT research ih -fhe 

Unitea States is not^dequate to %uDport the present level of activity in the fiefd. !et 

alone tne projected 35^ annual growth rate. That conclusion was not surprising, 

Wlore impor^anrfv, thr workshop proOaced detailed information about the prea^ent and 

irojectsd MINT researc:h activities rn contrast to the aresent and cojected needs of 

the industry. To put that infdrmatidh ih perspective, we provide the following 

background, * 

3:1: BACKGROUND : \ ' ^ 

The history df iriagnet ic' recording is one Of steady progress toward higner aensitv. 
* storage of ' ihf drmatidh. and increased data transfer i'ates* The .Ciirrertt stat^ of 
, research indicates that this progress can cbhtihue for ihe next decajjf and beydncl, 
pjndarnental Iirnits for recording densities are stVl^ orders of magnitude awavj, 

' ■ . v V . I 

Each increase in recording 'density and infdrmation transfer rate requires aavances 
in many areas, including coaxings. ^ magnet ic media, recording heads, sighai-processing 
"'electronics, disk actuators^ and disk control I ers. A breakthrough in one area alone 



r 



-7 A - - - - - -—. - 

do«5 not lead to 'increases m ihfbrmatibh density. Rather, that breakthrough acts as 
3 stimulus to research In- thi others, uitlhidtelv leading to Improved reco^dirig 
systems. ^ 

Snqmeers an3 scientists na/Ho are rnvbived in studying, designing, and buiiding those _ 
recbrding systems must make choices among advances in old techhblbgies arid / 
^ ^pficaiion of n"^ bn«s, Part^ulate iron oxide recording media and bulk ferrae. 
rj^ording heads dommaied the ^'irsTSiwehty years bf mngnetic recording. Now there 
>s competition among-^partrcula'ie. metallic thin filrri. and sputtei^ed oxide recording 
media* Lixewise, MriZn-ferrue heads, thm filrh inductive heaas, and rhaghetb-resistive 
heads are s^nous chaiiehgers tb bulk ferrite heads. 

• X ' ^ ' ^ . 

Mbre dramatic changes in recording systems are likely as perpendicular recording, 
with Its prbmse of great'y increased densities, challenges longitudinal recording, the- 
current stancard technique. Perpendicular recoilding systems would err^ploy ^ new 
media, new heads, and new signal prbcessmg devices in a system which is already 
bne of the most refined rnech^ical and electronic marvels ever developed. % 

Other recoramg technologies, such as optical recordirig. are also making inroads 
into ^he marketplace. These technologies., which used focused laser beams to access 
bits, caA^tod^y be made with much more narrbwer track widths than conventional 
magnetic recording and information densities on the- order of lO^/bits per square 
centimeter, rougnly ten times higher than conventionaT magnetic recording. Using 
magneto-optic media, this optical recording technology could be made erasioie. thus 
providing all the features of present-day magnetic recording at the density or ootical 
recording, ^ 

It is the feasibility of devices like these that iS driving the airSi'nd for higner 
density, higher speedy magnetic recording devices. information processing, 
cbrnrhumcations, and defense industries are prepared tb build systems incorporating 
tFrese devices as soon as they are available. 

Magnetic bubbles also have an irriportant niche in the magnetic information mar<et, ^ 
Because tne'y are solid state devices, they are much more resistant tb harsh, 
cnyironrnents (vibration, dirt, radiation) than ather magnetic recording systems,. 
Furthermore, they offer the , potential of combining large ' amounts of non-voiati^e 
storage with on-chip logic 
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Oh today's market 256 kbit, 1 Mbit, and 4 Mbit ; (K« lb|4, M» 1.048,575} memory 
modules are available with 16 Mbit' devices expected by 1985. Their co^t is" 
economical in . small numbers ($ 100-$200 for a 1 Mbit " card). Because of their 
durability and non*volatiliiy. they are valuable for rniliiary and robotic appj icatibris. 
They are comparable in cost to semiconductor 'RAM. but slower. .If their cost can be 
reduced relative to RAM, they will also Mnd a market in lower performance 
applications. 

• * 

3.2, WHERE ARE WE NOW? ^ \ ' 

Academic MINT research in the United States is currently a very small activity. Of 
the six or so universities involved in MINT, most have only a single faculty member 
in magnetics. In contrast, fhe Japanese have more than a dozen naajbr university 
programs in magnetics technology, and these are effectively coupled with substantial 
industrial research efforts, involving an average of 35 pDeople pser industrial laboratory 
working in recording and a slightly smaller number in ba6b*es. * Japanese industrial 
researchers are actively involved in commercializing^ innovative ideas m magnetics/ 
techhdiogy which oi^gthated in university laboratories. # 

There are those who look at this comparison and speak/of the need to respond to 
the "Japanese Threat." The workshop participants, fogfthe most F3ar:. took a more 
positive view. They looked at the market in information technology and spoke of 
tije need to respond to that opportunity. 

The most notable re^nonse to date has been the formation of the three academic 
nters of excellence, all currently seeking funding from industry. The status and 
prbjiscted growth of iaach of these, as presented by their* leaders at ttie workshop, 
fdHows, ^ . 

3.2X CARNEGIE-MELLON UNIVERSITY ' 

According tiD Mark H. Kryder, Professor of Electrical Engineering. CMU nas a 
broadly-based magnetics research initiative, including faculty ir> electrical engineering, 
rnechanical engineering, physics, cherhtstry, chemical engineering, matisrials Science, 
computer science and rnathemat tcs. This activity has gradually grown over several 
decades but has only within the past year been centralized in the Magnetics 
TechhiDlogy Canter. 

At present the ([Renter has ari established base of eight faculty actively involved m 
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magnetics and eiyrit from other discipUnes whose wortc applies to magnetic recbrcmgl 
T^enty-<ive graduati students, six visiiihg sciehtisrs. and two :ec^nical^ staff people 
complete the^ present activity, ^ctal rc'earcn exp^nciture during '982-^3 was about, 
one rninibn dbMars, Krydor efpects ^api'l growth ro a S2.S m.-iiidn budget for 1983-94. 
S2.25 miiiibn of which JS aireadv committed^ afea to Sa" million annuaiiy ihereaf tCF. 
The new researcf^ wjII emohasize magnetic recordrg athcugh existing activity m 
rrjagrretrc DuDDies and other areas will continue at ear: at current levels. 

In ^982. CMU spent S3 miil.on ^n creating 7CCC sq. 't. of new i|00ratory and cf'i.ce 
scace 'and 4C00 sq: 't; oi class lOO dean space *cr the Center. >n addition^ 
extensive laboratory facilities and equM^ment aireacv cxtst at CMU ana are bemg.used 
for research n the magnetics area. 

^He' Center plans, ■n- :983-6U. to add two view Vacp^;^ including at 'east one from 
:n6 magnetic- reccrcing area.-^ahC wiil also mvolv^six ^cr^^\i\J facjity cur'enttv 
"vvcrkirg n other (2i sc ipithes. Graduate student anroiiment wiii increase to 37 .n '983- 
3^ anc 50 .n :98>:-35. The num.Dcr pf vis.t;ng sc ler.t i sts ' Jv/ 1 i i he-ease to '5 t:v '984- 
•35. as -each Associate -MemDer " company will Oe entitled to have a scientist m 
reSiCence at ^he Oenter. 



Researcn areas at the Center nclude magnetic recorCing. magnetic ouooies. . hard 
magnetic materials, magnetic ormting. losses n so't magnetic materials, and 
Microwave tecnnbiogv. ^iszz.siQ Vlemoers of ti^e Center nave. ,n acdition :d the 
ngnt to nave a visiting scjentist. *ac:l»tated access to 'acuity and graduate stucents. 
precrints Of researcn rcoofts. rovaity ^ree licehse to oatents. ^r^e use o< software, 
•he rignt to attend an annual review. anC merfiDersHiD on an advisbrv committee that 
mee.ts semi -annual I v. 

3.2.Z UNrVERSlT^ OF CALIFORNIA: SAN DIEGO 

Accoramg to m! Laa Rudee. Dean of UCSD's Division of Engmiermg. the recently 
estiDi.sned Center for Magnetic Recording; Rese4rch w.ll encompass a 



muitid,^^plinary aoprbacn to rnagnetic recording researc^. vn contrast^to an (Smpnasis 
on magnetics per se. addressing all the key techno^iea involved rn magnetic 
recording. 

ULJO nas comrnitted land. .S :.pOO. 000. and tour new faculty positions to fhe Center. 
53.000.000 has already Seen cornmitted by industry towards a goal- of Sn.GOO.OQQ, 
S4.000.0G0 of these funds will bo used to cc^'nstruct a building for the Center vvh.ch 
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will hoose A large portion of its activii»es.\^he University has also provided an 
additional $1,000,000 to the project for expanded teaching laboratory and general 
p u r p o s e b f f i c e s p a c e . 



.The facaltv at UGSD contains rnahy rriembers whose research specializations ^^[te' 
either in magnetics or in other disciplines necessary to technblbgical progress im 
rnaghetic recbrding. thus contribating to the rnulti-dlscipiinary approach being taken. 
These specializations range from Xtr^. theoretical physics of strongly mteractm^ 
rnagnetic particles to polymer processing. The Center is already sopportmg research 
-of- faculty in physics, chernistry. mecHanicaJ and jHecirical engineering. 

All companies which contr.bute $300,000 or rnOre in three years will be represented 
on the advisory cbmrmttee fbr the Center, while those that contribute" $ 1.000.000 or 
more over three years will be able to designate a staff member in residence. All 
research results at UCSD will Oe placed m the^ public domain through publication ^n 
the bperi literature. 

In aCdition to financial support, two companies have made semor st^f available to 
the Center, one full-time ana one part-time, to assist in its establishment." 

The Center's main research 9nd educational activities will be m San Diego, where it 
has brought on board its first visittng professor, but it will also be able to dravv oh 
the complete resources of the University of California system as needed. For 
example, the Center is already supporting the research and coarse development m the 
mechanical engineermg of disk dnvjs at UC Berkeley. 

3:2:3: UNIVERSITY OF MINNESOTA 

Dr. -lack dady. Professor of Electrical Engineering, described his proposal for a 
Magnetic Recordmg " Center at the University of Mmnesdta. Judy is optimistic about 
establishing a center since the university is attuned to the center concept, and it is 
already supporting centers in microelectronics, surface science, electron micrbscbpy. 
corrosion, and other fields. . 

// J » 1 . . . _ _ 

Minnesota has a 30 year history of research in rryagriljl'ics. pi^ducrng^an average of 

one Ph.D. gracJUato per year. It was thec/irst university .n ^he Unitedv States to work 

on perpendicular magnetic recording films. The Un.vers.ty off'ers courses m 

rnaqnpiics. including one in rhagheiic recording: *) 
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Judy pointed but that rhaghetic recording research at "Minmisdt? will continue evin 

without additibnai support. However, estiibiishing a Center of excellence would 

-enable the University to expind its current level of activity. Thf goals of the Gente^ : 

wdulc^ De research, gradtjate education, and techno-i^y transfer: da|v's^ proposai 

reque^s^l-5 million in annual funding |thrbugh 198? At that ievelr-^f^^ Center would 

donduct research in^ magnetic m^dia. he«ds, magnetic recordii5^ . and reading 

techniQueSr and the electronic and mecnanical-- aspects of magnetic information 

tcchnbfogy» The current core of six faculty would gcow to twelve in about a year 

_ _ - __ _ _ ~ 

and tc fifteen one year later. Student enrbllmeht would grow from the current 5 to. 

t 

10 in ^SSS-S-i, ro 20 in 1984-35, and_to 30 by the 1985-37 academic' year. 

% 

Minnesota is currently equiprrieht-iirhited. so one rnillidn of the first year'*> Si. 5 

millibn would cb Into CacJital equipment. That amount vvouid decrease to S500.000 in - 

. J -_- __i _ _ - __ • ... 

tfte second year and S250,300 in the third. The rest of the money wt.il go toward 

supbbrt of students ar^d facult>^^ 

T^e University would own patent rights toj anv ihventibr^ discovered at the Cente?^ 
but wouid gra.nt non-«|xc!asi ve rights to sporaors. ' . ; > ^ 

3.2.4, OTHIR UNIVSHSITIES 



Fritz Friedlaender. Professor of Electrical ingmecri'ng at Purdue tlniversity. spoke 

about magnetics programs at other universities in the United States: At Purdue. 

Fnediaender's magnetics grbub has joined forces with the Materials Engineering 

rriagneiics group and the Mechanical Engineering School to prbmbte ah 

interdisciplinary institute in nnagnetic recbrding. They have had substantive 

discussions with potential industrial sponsors and are ^ur^ently in the prbcess of 

preparing a proposal for the institute. 

v: 

Purdue's strong engineering research prbgrams and excellent access to equipment 
have enabled Fnediaender's research in high gradient magnetic seoaration to overcome 
its undeserved "low techhblogy" image. But individual investigators in magnetics. at 
other universities are not so fortunate.' They rhUst_^ cbhtehd with the "solved 
problem" image noted above as well as with limited visibility.. For those professors, 
attractihg graduate students is difficult because magnetic^ research is not weil-knowh 
outside of a few schools. ^ 

Yet those professors cor^inue to do useful original work, demohstratthg the value 
of the ihdivtdual ^investigator in MINT research. Fnedlaender emphasized that fuhding 

4 

7 ^ . 
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for their research must not get lost ir^the rush to develojD Centers of Excellence and 
insritotes in JellNT; ^- 

4 ; _ ■ f, : ^ 

3.3. W^AT MINT RESEARCH DO WE NEED IN UNIVERSITIES? 

One objective of the worSshbp was to review the current research needs in MINT. 
In response to this objective, eight industrial panelists presented research interests Tn 
MINT. Each panelist discussed the need for university research in 'a specific area: 
The rhajbr points of those * presentations follow.' 

3.3.1. MAGNETO-OPTIC RECORDING 

Dr. Robert White of the Xerox PaliD Alto Research Center discussed magneto-optic 
writing arid reading techniques, then highlighted the R&D opportunities in the field. 



Magneto-optic writing, which has the advantage of erasabiljty, depends on the 



terhperature de^ndence of the coercivity of a magnetic material. A focused laser 
beam heats a small /region o1^ the material, lowering its coercivity in^tne heated 
region. The magnetization in the heated regidri aligns itself with the ambient 
rnagnetic field while the unheated pbrtibris of th^ material are ijriaffected. The 
density of inforrnation stored by this technique is limited mairily by wavelength o^ 
the laser Mght; thus, very high information density is possible. 

Magneto-optic reading fleperids bri the fact that a magnetic fielp rotaj^es the plane 
of pblarizatiori of light. A laser beam (of much Ibwer iriterisit>,ij|hari is needed to 
write magneto-o^ically) is focused on the mediurn bearirig the irif brrhatibri. The 
plane of polarization of *the reflected light rotates iri a sense determined by the 
direction of the magnetization. A polarizer used as an analyzer can. transform the 
rotation bf plane of l^dlariration into an intensity change. The intensity 

fluctuations can! be easily interpreted as information. 

The major Issues in magneto-optic information techribjo^^ are cbst of the heads 
and signal-to-noise ratio. "fhe R&D opportunities ar^'^^n media and magnetb-bptic 
heads. Iri rhedia. White stzf^ted that we need to develop a fundamental understanding 
of rriagnetb'optic effects arid their limits, magnetic anisdtrdpy, and magnetic domains 
and domain walls. There are also qui^stibris of media stability, sirice the amorphous 
state is not the n^'oond state. Nbise. especially the nature bf defects in the media, 
is alsd an important research topic. In magrieto-optic heads Whit9 cited two areas 
for research: (1) the integration of the laser and optics intov.^e system arid (2) 
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accessing mjsdas; 

3.3.^ MAGNiTlC BUB8b£S ' ^ ' ^ : 

brf Joseph CSeusic of Bell taboratoFies discussed R&D needs in magnetic bubbles. 
He $^^ssed that rrlaghetic recording is strategically important to the United States, 
espeliaily tn the face of Japanese cbmpetitioh. For example. Japan 7eads in -audio) 
and video magnetic recording. Although th;e United States leads in digital magnetic.^ 
recording, the JaDanese are gaining in this area; They are, also gaining in mdvirig 
media, bu^aheir gains in fixed rhedia such as bubbles are dramatic since the United 
States effort ^jhere is declining. ; ^ - ^ 

Geusic pointed but that fixed media lead to more reliability,: whicH' is especially 

critical in machine control, rbbbtics. arid defense and spa2e applications. He 

indicated that given that magnetic bubole technbibgy is an ^advanced high performance 

form of^mass storage technology, the digital magnetic recording industry should 

"embracl^fixed media/' so that we do not once again make the mistake of pursuing 

only ine short term techhblbgies. He suggested that the JJnvted States is losing^ 

ground in this area because we lack the basic philosophy to support long-term 

research. * 

/ _ _ _ 

Stressing the synergism that exists between fixed and moving media magnetic 

recording research, Geusic identified the fbllbwihg areas for improvennrent in magnetic 

bubble technology: device density, per/ormance (terriperature range, speed, power), 

manufacturtrW cost (process techniques, testing time), and .the fundamental 

understanding of rhateriais and Circuits: _ 

in SupporN of these areas, he identified the fbllbwihg research topics to consider: 
bubble ♦hucleation, strip cutting, coercivity rnecnahisms and the limits of coercivityr 
dornairr w/a.l dyharhic limitations, anderstanding and predicting perfbrrharice ' of 
propagation structures, circuit modelling techniques, effects of the substrate-to-f ilm 
transition layer, material defect chemistry, understanding of materials growth, new 
material systems, and strategies for accelerated testing. 

In ord^r for the universities to rneet those needs, Geusic stated, they must adopt a 
researprtv^:»role that ernphasizes fundamental understanding and knoWiedge. They must 
educate broadly Xr^irmd new engineers and scientists, and they must be selective 
when asked to assist industry to solve short-range problems. 

IS • 
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3.3.3. vTi^lAGNETIC BUBBLES AND MAGNETO-OPTICAL RECORDING: WORKSHOP RESPONSE 

'< Itr a later session of the workshop, one group of participants had the resFJbhsibility' 
to dfscuss research . In magnetic bubbles and magrieto-opticai storage in the context 

^ of the workshop's charter. Building on tfte contributions of White and Geusic. they 
concluded that support for research lYi' these areas should continue. The importance 

. of doing so is summarized in Table 2. 

3.3.4. PARTICULATE MATERIAL RECORDING 

Dr. JaiTies U. Lemke of Eastman rj^chholbgy ^described the advantages of and 
prbblerns in particulate media recording. This techribJbgy (utiliiirig oxides) is currently 
dominant In fljj fields of magnetic recording. Such media are relatively low in cost, 
resistant to wear and corrosion, and have targe potentials for growth in information 
packing density. , 

^ Particulate rhedia are low in background noise and signal-induced noise because 
there are no Bloch or Neel walls, rib exchange coupling between Fjarticles. and rib 
sawtooth^transitions betyyeen domains. The magnetic properties of the particles are 
easily varied; over a wide range; The binder system is desirable since it allows a 
srhobth cast or calendered surface and easily accommodates additives for, lubrication 
arid durability. The area! ihfbrmatibh density, limited only by superparamagnetism. 
could conceivably reach teri biltibri bits per square centimeter. ."Particulate rhedia 
recording has the highest lirieal derisity ever reported: teri thbusarid flux changes per 
millimeter. For perpendicular or isotropic recording, thick cbatirigs rriay be used that 
mask the effects of . substrate- defects. ^ x 

:• . ^ . . 

Lernke^ suggested research bri riew particles including barium ferrite. surface- 
modified oxides, arid alloys with rriultiaxlal ariisbtrbpyr Research on bbtamirig 
perpendictilar anisotropy with acicular particles .would be ari -'area suitable for 
universitV research, having a large technological impact. He noted that rio 
satisfactory theoretical model of jnedia noise exists with theory predicting lodS 
mori ribise than Is found experimentally. He also noted that erasure ^and time- 
dependent remanence^ are riot uric^erstbod With particulate systems. Investigation of 
yFe-Q- or Go-dbped y^^2^3 \A/ith^spin wa>c^e techriiQues could tell a lot about the 
surface properties of the particles that are critical to their switchirig perfbrrriarice in 
a recording medl?^: He also sag^e sted^ ^jrti:^- ^ore work shbuld be done on particle 
ihteractibhs. calMng it the ^^entral"^ pri'blem ih recording. It domif^Bl»j5 the rec|^rding 
process, bu^ the gerieral rhahy-bb^qj^prdblem for strong nonlinear iryeractions1| with 

■ • / • 
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bitrary anisbtrCpy has never been solved; 




3-3.5. TW P^LM MEDIA ' : / .A/ 

Dr. Peter ' J. Meiz of IBM. San "^Jbse. ^"egah - his presentation with a- comparison - * 
between anfv^rsities and industry. The rmssion of a unfversity is to produce 
knowledge and train students. . University researchers may coIIabtfratB. but such 
" coilabbratiofi is usually vvith another researcher in the same field. In industry; on the 
other hand, the goal is tq produce a salable product. . Pursuing^ that goal usually 
requires an interdiscipiinary team effort, ^ - - 

Based on that cbmparisbn. Meli cbncludcd that Universities^ should not compete. 

with industry in designing hardwtre, but rather, they.shbuld cooperate \A/ith Industry 

by supplying trained students and by providing a knowledge base in areas *6rTtrcai for 

technolbgical advances. riring y^ffgties from the 1983 Intermag Conference in 

Phiiadeioi^ia. Meiz pbinted out iKat umversity I industry coop^r^voni of thar sort /i not 

commod /n U:S: magnetics research. Of 56 papers bri magnetic! and magneta-optic 

recdrdihk only two were Written- by U.S. universities and two more were jointly 

written Ay U.S. uhivecsities and industry^ Two papers were by fbreign universities.* 

and tHree papers were products of collaboration - between industry and foreign 

- - -V - * • ' * 

universmes 

With that situatidfi a§ background. Meiz .laid out the impbrtant areas in thin film 
recording media in/which research is needed. He cited magnetic properties, defect 
^ reduction. head-mediaV , mterf aces. characterization techniques. and fabrication: 
techniques. He suggested uni erSity involvement in the following research areas, 
coercivity mechanismis and the variatTon of aoercivity as a fuhctibri of film thickness 
or deposition method: structure of domains in thin film .media; magnetic switchings 
..mechanisms for thin film media: techniques for studying dynamic magnetic properties: 
and fabrication techniques prbducing desired magnetic anisotropy; - 

• - ■ X 

3.3.6. HEADS. AeTUAtORS. AND SPINDLES' \ ') 

Dr. David Thompson _o_f IBM. Yorktown Heights, discussed riading/recording heads - 
and related topics. H^^king at recent trends in the industry. ^ rioted that it ^s^pow 
, reiatijl^eiy easy tb enter the magnetic recording fiild. In fact, there have 

approximately 90 -company startups in the past thre^ years.- This ea^e of entrv^ ^ 
implies that there is a lot rHoie work that is appropriate to b^done st univer sities., 

■ vV - ■ H'- / ^ 

tffempsbn identified a largg-feumber of areas for head-related resSarch. In -the 



ERIC 



• ^ 16 " , 

basfc. research areas, he discussed the need for modellihg, including models of 



fringing, three-dimensionarmodels, and nonlinear models. Domain effects is another 
fertile area for research. Ini^udihg Barkhausen noise and studies of domain patterrrs 
asing scanning electron microscopy, the Bitter effect, and microprobes. IrTiproved 
mfeasarement is' also important; tecftni^ues to measure bandwidth. f lyTng height, dead ^ 
^ layers, -and the effiictive head-disk 9^ are needed. _^ 

Thbmpsbn also suggested-^re^earch into l|^e physics Of dead layers and exchangiB\ 

coupling and mat^etials research. _ Materiajs_ with higher magnetizations and 

_ ^ — '^^'"^^'^/f^*^-*-^::^*^ _____ _ " 

permeabilities are of great interest; Magaetoresistive effects, properties of larnmated 

films, wear, and corrosion are also- important areas fbp materials research. 



Research .into head devices is also heeded. Thompson discussed both parametric 
heads (magnetoresistance. f luxgate, \and Ral! effect) and cbmpdund heads. ' Res^rch 



% 

issues related to compound heads tncjude write wide/read narrow heads. tUrihel ■ 
erasing, ring arid probe heads, piggyback servos, and side shielding. 



Research Iritb heads must also include the head/disk interface; Jhere, .a large 
number gf research problems emerge, including analysis arid iristrumi^ntation to study 
air beaVings. surface analysis, trrbolbgy and lubrication (wet or dry), he^d arid media 
wear,^ir flow, and start/stop problerns; Those probl^s cover a wfee range of 
discrSlines. iricludirig matertals science, chemistry, surface science, rp^tallurgy, and 



^ _ * i 

mechanical engineering. 'J 

K 

Finally.'' Thompson listed a nurnber of research areas iri' track fd'»dwir1^: position 
signals (optical, magnetic, capacitive, sarnpled vs. continuous); im^irbved spindles (ball 
bearing, air bearing, magnetic bearing); head suspensions; actuators (cbmpburid. 
inchworrh). 

3.3.7. VERTICAL MAGNETIC RECORDlNa 

Dr. Robert Potter, brie of the founders of the tANX Corporatibn, discussed research 
issues in perpendicular (or vertical) magnetic recording. tANX was formed in 1981 to 
/manufacture rigid disks for Winchester drives. Using vacuum deposited materials on 
aluminum substrates, tANX has achieved perpendicular recording using existing 

Wifichester ferrite heads. . ~ 

/' / . . 

One advantage of perpendicular recording is, the use of ^ thicker film (ICT.OOO 
Angstroms. vs. less than 500 . Angstroms for the riext generation'^ longitudinal disks). 
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this thickness leafis tu case in manufacturing, greater resistance to cdrrdsidn. 



Insensitivity to defects, and greater jdurabillty. 



i A second advantage Is the narrower i^^^sitibn length. The lower lirriit to tfansjciOh 
length in longitudinal recording is self-tjemagnetization li^dbmams become too 'mall. 
Perpendicular recording iransiilon lengths are limited By the 5'2S o? the columnar 
structures in the mied^unri. The, narrower trarsuioh lengtn permits higher density 
storage of mf orijiattbn, and the^ Ihf on^aiion is micre amenaoie tc> ^linear filtering on 
reading. ( ' 



Potter j^u^gested several research prbbjs^s in vertical recording. . i nese^ricluded 
head field calcula^tions, deveiopmeht of self-consistent models of the ^rrecoramg 
process, vector* hysteresis models, noise (i.e. non-continaum models).. character^^atnt^n 
of media by means other thari recording exoeriments (e:g.; vibrating samoie 
magnetometer Ibbps),^ dynamic effects, ^d mechanical properties. 

3.3.3. SYSTEMS , ' 

Br, John Mailinson oi\ Ampex, speaking of recorcing systems, expressed concern 
th^t most ideas in magnetic recording come from aDroad. No advancea reccrGiKg^ 
media has originated here. He then listed several areas *^in which new ideas are*s 
needed fbr bbth analbg arid digital recording. 

m theoretical areas, he citeq tne need for tHree-dim^hsional head field calcu»atibris 
for saturadle (non-ilnear .Vi-H) materials. for three-dimensionai, or- evep two- 
aimensibnal,- mbdels of magrietic hysteresis, and for the characterization of channel 
nbn-iincarities and the inversion problem. 

Experimental research is needed in magnetic particle syntnesis (small, metaii ic, ate), 
individual particle switching, magrietic structure of thm (vjeKtical/horizontal) metallic 
recording media, head flying measurement and cdritrdi. arid integrated preamplifiers 
for low impedance heads. - ^ . 

I - - ' ' 

3.3.9. MINT RESEARCH AND INTERNATIONAL MARKEts 

^ Jdhn Morrison of Magnetic Peripherals. Inc. presented an overvievv bf the MINT 

industry iri the United States and contrasted it with the Japanese industry*. In Japan. 

cbrhpanies shi^r^ fundamental techridldgy, but they compete in reducing that 

technology to practice. The Japanese governrrierit plays an active role to' foster 

interchange of inforrnation among cbmpanies and the do;:en or mbre majdr university 



22 



18 



efforts in- MINT. This approach, he believes, has beiah effectfve in g^TiR^'ltJr^ a high 
ievei of productive research iri MINT and' has led to successful Japariesf^ferietratibn 
o^ tne inreiSnai ional market for magnetic information storage. 

^ ^ . . ^ . . . , .- 

In * this country, bur biggest prdbleiri is industrial access, to our ^echnoiogrcal 

capacity, singe . our comp antes comoete at all levels including basiC research. In 

Morrison's view, this is a major reason why our level of effort in-MiNT research has 

been, so •much smaller than Japan's. Therefore, he conctuded that.^^A/e need 

government involvement with industry and universities in order for Sts country to 

compete successfully in MINT. 

. s \ 

4. SOME SPECrfieS; RESEARCH PROBtEMSr^F^CILITlES. AND PERSONNEL 

; Lynn Preston, Actirig Head of the MSF Office* of interdisciplinary Researcn. cnarged 

' t _ _ _ _ 

the participants to develop some specific irif 6rrhatioh and recommendations fcr NSF: 

Preston asked the participants to consider the fblibvvihg qijestibhs. 



V. What.; resear^ch- proPj^ems in MINT are appropriate for universities to 
address? 

2. What disctpjmes are involved in MINT research? 

3. Wha/ instrumentatibn is required tb perform that research? 

4. How many students and faculty are needed,^ "^^"^Y have, and 
what backgrounds ^do students need to parsue graduate study m M!NT"> 

5. What k/iowledge and professional orientation should graduates have? ^ 
The following sections surhrhanze the participants' ri*sponses to these questions: * 



4.1. UNIVERSITY RESEARCH OPPORTUNITIES IN MINT 

MINT, according to ylhe^.^orkshop participants, is multidiscipiinary, containing a 
wealth of interesting (prbblerhs in many academic fields:- To continue to ^ advance* 
magnetic information iechhblbgy, electrical ehgiheers. mechanicil engineers, cnemtcal 
Engineers, computer engineers, materials scieritists. cherhists. physioists, arid applied 
mathematicians rnust all contribute to the research. For exarhple, we nee.<j electrical 
ehgiheers and physicists to study magnetic properties ^ df materials, rnechamcal 

\ - - _ - i - - - 

engineers tb investigate the aerodyharr.ics of heads flymg tenths of microns above 
disks, and chemists and cherhical engineers to study properties of materials for 
heads and media. A summary of some bf these mult idii^Ciplinary .pro Ul ems i*i 




4.1. iNSTRUMENTATlON / 

The particjpints aCdressed tre cuestion of instr Lmentaiion from iwo per 5C«c:i"ve$. 
general arte topjcil; TFey felt^iriat ine general eqUidrrier-t outlines in. Taoie- 5 s\as 
-needed for a well equipped rragrettcs researcn facility. The 'topical list. TjD^e 6. 
represents equipment needs as defined b>^ ressarcfi area. . ""He rabies mciude 
aporoxtmate cbs^s. as estimated by tne pa^:icAp^nTs. 3a^ed en :hese taoles-. it rakes 
$1.5 to S2 million to eqatp a Center p^;^cel|ence w.th one or !wo areas 3f unicae 
expert se. This 15 ccnsiste.nt witn <rvGer's: Rucee's. ana j'Jdy s estimates in their 
reports adbut their Centers, v 

' :j . _ _ _ . 

Several university 'risearcn faciinies aireaay have some of rh.s ecuiomeni on h^nd; 

however, even rhe oest facihties ::c. not ^ave a[l :ne eauipment :rev neec. and ail of 

them need to jcgrade existmg equipment to 3o state-of-tne-ar: research. No taCiiity 

in the U:S: possesses ^the more, sconisnc Jted , equipment, so.ch^ as electron Deam 

hoiograpny or m^iecuiar searn eo.rixv equ^cment :!ed^caTed to mafcre?:cs -vcrit: ''he.^ 

.apanes^ .nyenteA tne electron oeam n^fx^grachy" :echniGue. and none- or :he mdiecuiar 

Bearn eottaxy * svsiems In ihe L-S. are applied to -magnetics propterns. i 

4:3. PERSONri£L ISSUES: SKIt^S AND NUMBERS , 

WiihoOt Quesiion. ■ the :aCK of aporoonately tram^ pefsonnoi ".s :he greatest threat 
to the success of JV1(NT-f ciated industr'es :ne Jnited 5ta*s. Many, .nciudmg -ccent 
3.S. graauates and practicing if pre fessionals. ' are^s.nioiy an^ware of cocrortunities 
ava.laoie m MINT and Co rot realise that MINT mdUsines reqtjire personnel *rom a 
variety of fields. Consequently, tne numBer of o*yopie actually entering The field, has 

fallen dramatically short of the heeds, ' . ^ . * 

« * - * • 

At present, the demand for graduates is' nearly an' order of magnrtude greate? 4h.an 
the luoply. Even with the MJNT centers most optim*«tic esumaiaa. thfty will oe rt>ie 
to meet oniy 40% of industry's demiunds By 1986. Taote 7 . summar.ies 'Me 
participants estirr^ates of -he curr^nt personnel Situation: Oar'y; a national mitiat.ve 
i5 heeded to close the gap: , - ' ^ N 

Th8< national m. native will roqu.ra Significant f^jdma Ba-itsd on a $2 r^lhon cost 
of equipping a MINT Gantbr witrt 50 students. i.'O M^^f^ 'n capital «quipn.ont 
be required to support iM.iiducMion of Vur, Moady -VW poDuianon of ^raciuiitr 
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studeris nceced by industry. L;kewis(8, estimaiihg SSD.DOO per year per student to 
cover sirpcncs. luilion, equipimeni, computer ilme. arid faculty sjoervisioh costs, the 
annual ooereting cost ol rieeded MjNT research in this country cbrres to $25 million.^ 

Beyond Jhc numbers, the participants also considered trie issue of appropriate 
trainir.g. Because MINT requires researchers from so many areas, the particjpanis 
called fcr increasing graduate student research in MINT vvithm iradlnoncii departmental 
'programs. It was stressed, however, that there is a real need for all of these 
graduates to have a good basic uncer st anding of non-linear magnetics. Professors m 
such programs snould be encouraged to -pursue research in the context of MINT: 



The participants also noted that as MINT Centers grow, an entirely new breed of 
graduate will emerge, "tnaractenzed by muit idi sc ipl mar v or interdisciplinary skJIs as 
well as specialized knowledge. Such graduates will be especially valued by industry; 



S*' STRATEGY AND RECOMMENDATIONS 



Preston of the NSF also cnarged the par:ic.^;ants to cronsiCer the appropriate goals 
pf universitrcs relative to tne national and industrial needs in MINT research. In 
particular, she asked them to consider how these neecs should be addressed in the 
university environment. Should they be addressed in departments or centers? Should 
we establisn cornpl ement ary centers? How should thtellectuzfl property rights be 
handled^ Theiry^esponse was a suggested strategy and set of recommendations, 
described Deicw and summarised m Table 8. 



5.1. CENTERS AND SINGLE INVESTIGATORjS 

The strategy is to begin with a fevv- (tw/b to four) Centers of €>cetlence: Wttn 
present industrial needs, these Centos will soon prove rhetr utility. It iS. of course, 
highly desirable for these cent^^^^ coopefrate and to develop complementary 
strengths. Such cooperation can be j^^ouraged through the mfluences of sponsors, 
including the NSF. - 

-At the sarne Time, the NSF should establish a w/eM pubhciscd and supported 
program for smglo investigators. To enhance individual research programs and to 
redirect 5bmo fjCUIly towar^j MINT re*i**Brch: that program should mc'udi* ltit» support 
of vTSiting faculty at ihrt MINT Ccntei'S. 



UNiyERSiTY/INOUSTRY RELATIONSHIPS " i 

:^ikewisa interactions between industry ^nd un;verf;*y MINT researchers must be 
strengthened- In MINT, traditional interchanges, such as faculty sabbatica»s in 
industry and visiting -industrial scientists in jnSversities. are currently not as erfective 
as they should be. Part of the problem^ is that much of the inhbvatibh in MINT is 
taKing place at newly started companies, and such companies cannot afford exchange 
prbgrarns. the NSF can contribute ipiere by mamTaming and expanding its present 
programs to encourage industry/university interactions. Of particular value woald be 
a ^ilowshio pr^ram to foster interchange professional staff between univeri\/ties 
^d small R&D-oriented firms. ' i 



— : . _ _ 

Interaction between universities and industry in MINT can also bia broadened by the 



[jOlicaiion of state-of -fhe-art review papers, the establishment of a MINT newsletter. 

\ _ _ __ ^ ./^_ 

3rd the development of MINT sessions at !arge national meetings. The yrnechani srhs 

*zr these activities must grow largely but of Jtne MINT reseircn community itself. 



_ ? 

5.3. REFEREES 

The NSF's* pool of referees for proposals m MINT must be expanded as MINT 
researcn is encouraged. Sorhe of the referees cbujd come 'rom the existing pool of 
evaiuators if they are alerted to the irnoortince of MINT through appropriate program 

announcements. New referees, recruited for their expertise in MINT, will of course. 

_ _ _ _-- 

nave to be made familiar with the policies and ohilosoohies of the NSF systern of 

::eer review. - Because of the empirical nature of macn of the researcn. referees from 

.r^dusiry as well as'*" academe should be ihciuded. "^He most difficult problem facing 

the NSF in this area ' wiii be to find appropriate mechanisms for review of 

interdisciplinary proposals; 

•» 

5.4: FOLLOW-UP WORKSHOP 

The workshop participants recomrhended that a fdirbw-uP; workshop be held withm 
two years. The purpose of that workshop would be to reassess MINT research and 
to make rtud-course corrections in thei new MINT initiatives that come out of this 
workshop. . :^ 
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5:5. INttbtECtUAl. PROPERTY RIGHTS ^ . \ 

The participants recbmmenu-d that in the future, as how, ihtellectual property rights 
should be negotiated individually in each case.' No blanket policy could possibly be 
satisfactory to all parties concerned. 

ft 
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TABt^ 1 

^ ^ 

TFIE HBED fO ENCOUP ^GE. MINT RESEARCH 

IVTa^hitic Ihf ormatioci Ttchnology is a Criti'-al IndQStry 

■ NiaC to stbri and retrieve rrtbr* infdrrnatiQh at increismgly rapid 
I'ate in key eSpnomic sectors such as 

^^^frrfancjal 

Communications ' ^ ^ 

Researcn 

Defense 

Magnetic viemory Is a Growth industry 

• Bigger^TiKan serriconductbr memories ' ' 

■ Grbwmg at 35% Annual 0=^ate ^ 
Current Research is Insufficient 

■ Progress ..hampered By lack of Ibng-term.j^sic studies of the 
recording process and recbrding devices 

• ' Insufficient Nuniber of Trained Ph.D.s 

■ Low-tech, "solved problemV image is an oPstacle 

• Research cbmrriunity is largely vihaware of ^he importance of MINT 

• Researchers dor't recognize relevance of their disciplines to V1INT 
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TABLE 2 



THE IMPORT A^wCE OF RESEARCH ' 

" IN MAGNETIC BUBBLES AND MAGNETO-OPTICS 

Magnitic bubble technology ^oday flMs a markej niche \A/here nbhvblatility 
and ruggedness are important, e.g.. Dob, robotics. 



Continued research will maintain confidence In arid bperi new applications 
for babble technology. " ' - 

Garnets are particularly cbriveriierit fbr stijdyihg fundamental magnetic 
phenornena. Thus there is synergism between research in bubbles 3nd 
recording, ! 

Magrietb-<>pticai storage is approaching commercializatron. 

tr 

MaghetiD-bptic effects have broad device potential. 
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TABLE 3 



j^RTUNmei^ 



UNiVERSiTY RESEARCn OPRORTUNmBS IN MAGWETIC RECORDING 



i 



ELECTRljCAt AND COfV^UTSR ENGJNEEi=llNS/PHYSieS/APPb)ED MATHEMAtlCS 

s- • Models and measurements t^) understand magnetizatibn mechanisms in 
Heads and media - 

• Information theory: encbdfll^^errdr. cdrrectidrt. signal/noiso ratio 

• Stfhal Processing: equaiiiatibh. decb^rig / 

• Cohtrbl Thebiry: ultra-precise positioning 

MECHANICAL iNGINEERINa'APPtiED JVIECHANICS 

i - 

• Dyharhics and stability of rtibvihg structures^ 

• Tribblbgy: head/media int^^^ta^. including fluid dyna<n\cs, air bearings 

MATERIALS SCIENCE/CHEMISTRY '^^^ ^ * 

• Imprbved materials fbr heads. media* lubrication. wear-^esistance. 
cbrrbsibh-f esistance , ^ 
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UNjVER^TY REsMaRCH OPPORTUNtTIES IN ivIAGNETO-OPtieS AND 



MAGNETIC BUPBt-ES 



^ ^ ' - 

ELECtRlCAL AND COMPUTER ENGINEE^ING/PH|SICS/APPL:ED MATHEMATICS 

• E^ploitatjon _°^_"A^ ^JL^A^*^'S?_ ???I^®_A1^ picosecond lech^qqes to 
explore high frequency; short-time phenomena . . ' * 

• Domain nucleation and dynamics ^. 

_ __ • 

• • Properties of BIbch lines 

^ ^ ■ I .J ^ 

• Develppnrient of better rhagrietic trahsdijcers {Magrietbresistahce, Hall >^ 
effett) - * , ' ^ 

_ I _ - - - - - . - ----- 

• Idehtif icatlbri of major rhicrdscdpic factors in magneto-optjc phenomena 

• Modelling and application of magnetic ba^le ^^ices 

■ . ■ 

PHYSICS/CHEMISTRY/MATERIALS SCIENCE . ' , 

t . J ; 

• Assessment of potential lOf amorphoas rare ept^i-transition metaj films 
for babbles , jT ' ^ 

• Establishment of better understanding of anisotrbiay in. amorphous films 
for magneto-bpticvjdeviceS 

• ■ .^'-^ ^ . ^ 
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GENERAL EQUIPMiNT F<5R UNIVERSITY .Vl A gNETieS ^SEARCH 

Equiprrtem Approximate £ost (K«$ldl! 

Vibrating Sampie Magnetometer (VSM) ^ - 

with prograrnrnable field f . nOK 

Dedicated Scanning Elecwth Microscope (SEM) 
* with energy dispcrsivg x-ray system ^ ISOK 

i _ . ■ • ' ' ._ - - ' 

Test Beds ; - • 

; Ihstr^rhehtatioh 5SK 
' M_echanical . 5SK 

• Plus technician with indUstriaTStnowledge* ^ ^ 

B-H Meters \. 5dK 

Torque Maghetbrheters • 

Lasel^ Magnetometers 100K 

Fe^f dm agnatic Resorr^nce ^ 150K 

/S«nera[ Instromentation > 250K 

•Also^^eed head fabrication capability* 

(Evaporators, ion rniliing. sputter etching, photolithographic 
equipment) 

*The Center also heeds access tc a well aquiFDped analytical laboratory 
A5Mth TcM. SEM. Auger spectroscopy, X-ray diffractioa etc.* 

< 
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TABLE 6 



TOPICAL EQUIPMEUT FOR UNIVERSITY MAGNETICS HESEARCH 



TOPIC 



Eqoipment 



J- 



PARTICULATE TpDiA 

Fluidired -oii ::React6r^ 
Electron BSlTi Curing 
Mlscellin/pus ' 
Subtbpic:/Meta/ Particles 

• Chrcymatog^ _ _ / 

» SafetV^P^blem: NiCtcel CarbohyP » 

- , '.^ 

CONTINUOUS^ FILMS 

Ion beam deposition \ 
Evaporators 



125K 
150K 
125K 

No estimate 





TRiBOLOiSY 

Surface Analysis 
Test Systems 



MODE_LLING 

Dedicated Cdmputer (e.g-.VAX) 



ELECTRO N BEAM HOLOGRAPHY 

• F^has Dedicated Faculty Member » 

MOLECULAR §EAM EPITAXY * 
♦Dedicated to Magnetics* 

f 

__ . t ■ 
POLYMERS 

Rhebrrieters 



M_aterials Research Lab 
' lOK 



150K 
250k 



350K 



Ncuestimate 



^ ; TABLE 7 

■ , , ■ ■ _ • 

PERSONNEL SUPPLY AND DEMAND IN MINT 

c , ^ \ - - 

Supply 

Graduate Students Produced AnnuaHy by Magnetics Programs 

U 'pmo-'s' 10. 

I M.S.'s 5 

Total 15 

# • 1 - ' _' _ _ ' ; 

Totai MINT Center Projections by 1986 jAssuming- support is 
^forthcoming for 4 centers and a numPer of srrialler efforts) 
Students ^^-^ 200 
Facufly ^ . 50 
SraduJ^tes per year 40 Ph.D. 

40 M.S. 



Dernan_d * _ 



Present Aonual Need for NeW Ph.D. Graduates 
Industry ' _ v 100 

New'and Bep«acerhent Faculty 25 
Tbial , 125 



Long-term Steady-state Need in MINT Research 

Students t^-^ 

F_aculty ^ 125 
Graduates per year 100 Ph.D. 

" , ♦ ■ 100 M.S. 
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, , ' TABLE, 

X _ 

A NATlONALiiTRATEGY FOR MINT RESEARCH: 



Start with 2-4 Caters of ixo^ence 



• "Research there will dembnstrate Utility of the concept 

• SpbhSlSrs should encourage complementary activities rather than 
(Sbmpetitioh f _^ 

establish Well^uiftfeized and Suppbrtisd NSF ProgralV in MINT for Single Investigators 



• Identify MINT_ research as high national pribrity 

• Stress multidls^ipjlinary nature of MINX 

/• Encourage riew "entrant^ (faculty and students) 

- X ... ... . ...... 

• Direct funds^ speiiif i(:ally-td MINT 



Establish Support for Visltirfg Faulty at • MINT^ Centers 





Ehcburage University/Industrial Interctianges 

• Continue and tsxpand all existing methods 

• Initiate industry/uriiversity fellowships^for exchange of technical staff. 
esKecially fbr srhall R&D-oriented firms fp 



Expand Pool of Referees fbr MINT Proposals 



FbllbW^p Meeting in Approximately tvA/o Yea 
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